PATENT ABSTRACTS OF JAPAN 



(1 1)Publication number : 09-232806 
(43)Date of publication of application : 05.09.1997 



(51)lnt.CI. H01P 1/203 



H01P 5/08 



(21 Application number : 08-034107 (71 Applicant : UBE IND LTD 
(22)Date of filing : 21.02.1996 (72)lnventor : FURUYASHINJI 

HAYASHI KOJI 
KAWAMURA KOICHI 
MASUI EIJI 
NISHIMURA KOSUKE 
FUKUDA KOICHI 

(54) LAMINATED DIELECTRIC FILTER 




(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a laminated dielectric filter reducing the 
peeling of an internal ground electrode and the characteristic dispersion caused 
by this exfoliation. 

SOLUTION: In a laminated dielectric filter in which the resonance electrodes 21 
and 41 of plural layers and the internal ground electrode 31 interposed between 
each resonance electrode 21 and 41 are embedded and formed in the laminated 
bodies of dielectric layers 1 to 6, external ground electrodes 7 are formed on the 
external surfaces of the laminated bodies 1 to 6 and an opening part A1 for 
coupling control controlling the electromagnetic coupling between the resonance 
electrodes 21 and 41 is formed on the internal ground electrode 31, the internal 
ground electrode 31 is provide with opening parts B1 to F1 facing each of four 
side surfaces, in addition to the opening part A1 for coupling control and a 
pattern is formed so that all the opening part area including the opening part A1 
four coupling control may be 30% or more of filter mounting area. 



LEGAL STATUS 

[Date of request for examination] 1 8.01 .2001 

[Date of sending the examiner's 18.11.2003 

decision of rejection] 

[Kind of final disposal of application 

other than the examiner's decision of 

rejection or application converted 

registration] 



[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against 

examiner's decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 

* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Into the layered product of a dielectric, the resonance electrode of two 
or more layers and the internal ground electrode made to be placed between 
each resonance inter-electrode are embedded and formed. In the laminating 
mold dielectric filter with which the external ground electrode was formed in the 
outside surface of said layered product, and opening for combination control 
which controls a said resonance inter-electrode electromagnetic coupling to said 
internal ground electrode was formed Said internal ground electrode is shared 
with said opening for combination control in part apart from said opening for 



combination control. The laminating mold dielectric filter characterized by 
carrying out pattern formation so that the full admission opening aspect product 
which has at least four openings distributed by facing four side faces, 
respectively, and includes said opening for combination control may turn into 
30% or more of a filter component-side product. 

[Claim 2] The laminating mold dielectric filter according to claim 1 characterized 
by being set up so that the area of the part which laps with said resonance 
electrode of said internal ground electrode may turn into 50% or more of the area 
of said resonance electrode. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the high pass filter carried in 
portable telephone etc., and relates to a useful laminating mold dielectric filter. 
[0002] 

[Description of the Prior Art] As a small high pass filter of several several MHz - 
GHz band, the dielectric filter which is made by the green sheet method and 



which is constituted by carrying out the laminating of the dielectric resonator with 
which the resonance electrode of a predetermined pattern was formed is known. 
It divides roughly into this laminating mold dielectric filter, and there are a method 
which carries out the laminating of two or more resonators in the thickness 
direction, and a method which arranges two or more resonators in the same flat 
surface in it. 

[0003] The method which piles up two or more resonators in the thickness 
direction has the advantage that a filter component-side product can be made 
small and a small filter can be obtained. In this kind of laminating mold dielectric 
filter, in order to optimize a resonance inter-electrode electromagnetic coupling, 
an internal ground electrode is made to be placed between up-and-down 
resonance inter-electrode, and controlling an electromagnetic coupling by 
opening area of this internal ground electrode is performed (for example, refer to 
JP,4-306005,A and JP,6-291506,A). 
[0004] 

[Problem(s) to be Solved by the Invention] In an above-mentioned laminating 
mold dielectric filter, it is easy to produce a cavity and peeling in an interface with 
the dielectric layer of an internal ground electrode, and dispersion arises in a filter 
shape by this, therefore there is a problem that the yield falls. For example, 
generally, when making a laminating mold dielectric filter by the green sheet 
method, since it is small compared with it of dielectric layers, exfoliation produces 
the adhesion force between an electrode and a dielectric layer between an 
internal electrode and a dielectric layer with the effectiveness of the springback in 
a sticking-by-pressure process, or the stress in the case of layered product 
cutting. Moreover, it originates in the difference of the coefficient of thermal 
expansion of an internal electrode and a dielectric layer also at the time of baking 
of a layered product, and the same electrode exfoliation arises too. If these 
exfoliation sections remain also after layered product baking, an internal cavity 
and a crack will arise and it will become the cause of dispersion in center 
frequency or pass band width by change of an effective dielectric constant. 



[0005] It is easy to produce exfoliation of an internal electrode and a dielectric 
layer, so that a plane-of-composition product with the dielectric layer of an 
internal electrode is large, and since it has a big area, exfoliation tends to 
produce especially the internal ground electrode that controls resonance inter- 
electrode association. For example, since it is formed in a big area almost 
covering [ the case of JP,4-306005,A ] the whole dielectric layer surface in an 
internal ground electrode, it is easy to generate exfoliation. On the other hand, in 
the case of JP, 6-291 506.A, although the area of an internal ground electrode is 
stopped comparatively small, the internal ground electrode is drawn by two side 
face while it has been broad. In a lateral portion, since the effect of the stress at 
the time of sticking by pressure or cutting and the thermal stress at the time of 
baking is large, if an internal electrode is taken out to a side face while it has 
been broad, as for an internal ground electrode, it will especially be easy to 
generate exfoliation from a lateral portion. 

[0006] This invention was made in consideration of the above-mentioned 
situation, and aims at offering the laminating mold dielectric filter which reduced 
property dispersion resulting from exfoliation of an internal ground electrode and 
this. 
[0007] 

[Means for Solving the Problem] The resonance electrode of two or more layers 
and the internal ground electrode between which it made each resonance inter- 
electrode placed embed this invention into the layered product of a dielectric, and 
it is formed. In the laminating mold dielectric filter with which the external ground 
electrode was formed in the outside surface of said layered product, and opening 
for combination control which controls a said resonance inter-electrode 
electromagnetic coupling to said internal ground electrode was formed Said 
internal ground electrode is shared with said opening for combination control in 
part apart from said opening for combination control. It is characterized by 
carrying out pattern formation so that the full admission opening aspect product 
which has at least four openings distributed by facing four side faces, 



respectively, and includes said opening for combination control may turn into 
30% or more of a filter component-side product. In this invention, preferably, it is 
set up so that the area of the part which laps with said resonance electrode of 
said internal ground electrode may turn into 50% or more of the area of said 
resonance electrode. 

[0008] While according to this invention facing an internal ground electrode on 
four side faces and distributing opening, by making the numerical aperture (ratio 
to the filter component-side product of opening area) of an internal ground 
electrode into 30% or more, the adhesion of an up-and-down dielectric layer 
improves through opening, and it is stopped by extent which can disregard 
exfoliation between the internal ground electrode resulting from the stress in 
sticking by pressure or a cutting process, and the thermal stress in a baking 
process, and a dielectric layer. Moreover, since the part drawn to a side face 
while the internal electrode has been broad is reduced and it can connect with 
the external ground electrode of a side face, and a linear electrode, the crack 
from a lateral portion and exfoliation can be suppressed. Thereby, gap from the 
design value of the center of filter frequency which results from electrode 
exfoliation is suppressed in practically sufficient tolerance. If the numerical 
aperture of an internal ground electrode is set up to 40% or more, the gap from 
the design value of a center of filter frequency becomes small with 2% or less, 
and is more desirable. 

[0009] If the numerical aperture of an internal ground electrode is enlarged as 
mentioned above, dispersion in a filter shape will be suppressed so much, but if a 
numerical aperture becomes large too much not much, the original function of an 
internal ground electrode, i.e., the function which controls an up-and-down 
resonance inter-electrode electromagnetic coupling, will be spoiled. Therefore, it 
is desirable to make area of the lapping part of a actual top and interior ground 
electrode and a resonance electrode into 50% or more of a resonance electrode 
surface product and that in other words an up-and-down resonance electrode 
holds down the opening area of the shape of an aperture which carries out an 



electromagnetic coupling to 50% or less of a resonance electrode surface 

product, and controls an electromagnetic coupling optimally. 

[0010] 

[Embodiment of the Invention] Hereafter, the example of this invention is 
explained with reference to a drawing. Drawing 1 is the decomposition 
perspective view of the dielectric filter concerning one example of this invention, 
and drawing 2 is an appearance perspective view. The dielectric filter of this 
example carries out the laminating of the two dielectric resonators, and is 
constituted. 

[0011] One resonator forms the stripline mold resonance electrode 21 in the front 
face of a dielectric layer 2, and is constituted, and another resonator forms the 
stripline mold resonance electrode 41 in the front face of a dielectric layer 4 too, 
and is constituted. The touch-down edge of the resonance electrodes 21 and 41 
is arranged to the edge of dielectric layers 2 and 4, respectively, and is 
connected to the external ground electrode 8 formed on a side face behind a 
laminating as shown in drawing 2 . Among these dielectric layers 2 and 4, the 
dielectric layer 3 in which the internal ground electrode 31 which formed the 
opening A1 which controls the amount of electromagnetic couplings between two 
resonators was formed is pinched. The detail of the pattern of this internal ground 
electrode 31 is mentioned later. 

[0012] There is a dielectric layer 1 by which the internal input electrode 1 1 
combined with the resonance electrode 21 was formed in the bottom of a 
dielectric layer 2, and the dielectric layer 5 in which the internal output electrode 
51 combined with the resonance electrode 41 was formed is on a dielectric layer 
4. The internal I/O electrodes 11 and 51 are connected to the external I/O 
electrodes 9 and 10 formed on a side face behind a laminating, respectively as 
shown in drawing 2 . Under a dielectric layer 2, the dielectric layer 1 by which the 
external ground electrode 7 connected with the external ground electrode 8 of a 
side face was further formed in the underside is, and the dielectric layer 6 by 
which the external ground electrode 7 was similarly formed in the top face is on a 



dielectric layer 5. 

[0013] When making such a dielectric filter by the green sheet method concretely, 
according to the filter shape which should take into consideration and design the 
dielectric constant of the ceramic ingredient used, respectively, the sheet of 
required number of sheets is put on each dielectric layers 1-6. And the dielectric 
layers 1-6 in which each electrode mentioned above was formed are stuck by 
pressure in piles, a layered product is constituted, and it cuts to a predetermined 
filter component-side product, and in a side face, the external ground electrode 8 
and the external I/O electrodes 9 and 10 are formed by print processes, and are 
calcinated at the end. 

[0014] Drawing 3 expands and shows the pattern of the internal ground electrode 
31 . The aperture-like opening A has opened in the part which laps with the 
resonance electrode 21 shown in the internal ground electrode 31 with a broken 
line in drawing. This opening A1 is opening for combination control which 
controls the up-and-down resonance electrode 21 and the amount of 
electromagnetic couplings between 41. In the filter component side decided by 
the appearance of a dielectric layer 1 , it faces on the vertical side face of drawing 
other than the above-mentioned opening A1 for combination control, openings 
B1 and C1 face a left lateral, openings D1 and E1 face a right lateral, and 
opening F1 is formed, respectively, and the line from which two internal ground 
electrodes 31 were drawn at a time by vertical 2 side face of drawing 3 - an 
electrode 32 carries out pattern formation - having - these lines - it connects 
with the external ground electrode 8 formed in a side face with an electrode 32. 
[0015] In this example, in order to suppress peeling resulting from the stress in 
the production process of the internal ground electrode 31 etc. below to a 
permissible level, the rate (numerical aperture) to the filter component-side 
product of a total area of the opening A1 for combination control of the internal 
ground electrode 31 mentioned above and the other openings B1-F1 is 
preferably set up to 40% or more 30% or more. The concrete antecedent basis 
uses and explains data later. When a numerical aperture becomes large too 



much, the resonance electrodes 21 and 41 come to join together by the whole 
surface product, and it becomes impossible on the other hand, to almost set up 
the optimal electromagnetic coupling required for a filter shape, although it is 
hard coming to separate the more the more a numerical aperture is large. 
Therefore, fulfilling the conditions from which the area of the part which laps with 
the resonance electrodes 21 and 41 of the internal ground electrode 31 turns into 
50% or more of the area of the resonance electrodes 21 and 41, the magnitude 
of the opening A1 for combination control is chosen, and optimization of the 
amount of electromagnetic couplings is made. 

[0016] Drawing 4 is the equal circuit of the dielectric filter by this example. The 
resonators 22 and 42 which consist of an LC parallel circuit of a distributed 
constant mold are formed with two resonance electrodes 21 and 41 by which the 
laminating was carried out on both sides of the internal ground electrode 31. The 
electromagnetic coupling of between two resonators 22 and 42 is carried out with 
the coupling coefficient M by the opening A1 for combination control formed in 
the internal ground electrode 31 as mentioned above. The capacity C31 and C32 
of input/output terminals IN and OUT is each the joint capacity between the 
internal I/O electrodes 1 1 and 51 and the resonance electrodes 21 and 41. 
[0017] According to this example, when it is made not to carry out termination to 
a side face while it has been broad, and an internal electrode 31 sets up the 
numerical aperture of the internal ground electrode 31 to 30% or more and 
makes adhesion between dielectric layers high by facing four side faces and 
forming openings B1, C1, D1, E1, and F1 dispersively, dispersion in a filter shape 
is suppressed in the range permitted practically. 

[0018] Drawing 5 is the appearance perspective view of the dielectric filter 
concerning another example of this invention. The same sign as drawing 1 is 
given to drawing 1 and a corresponding part, and detailed explanation is omitted. 
Although the resonance electrodes 21 and 41 are bent, it is considering as the 
pattern and the pattern of the internal ground electrode 31 and the internal I/O 
electrodes 1 1 and 51 differs from drawing 1 in connection with this in this 



example, the basic configuration is the same as that of drawing 1 . Drawing 6 
expands and shows the pattern of the internal ground electrode 31 in this 
example. Four side faces other than the resonance electrode 21 and the opening 
A2 for combination control which controls the electromagnetic coupling between 
41 are faced, and opening B-2, and C2, D2 and E2 are prepared in the internal 
ground electrode 31, respectively. The numerical aperture of the internal ground 
electrode 31 is set up like the above-mentioned example. 
[0019] Also according to the example of drawing 5 , the same effectiveness as a 
previous example is acquired. The example of drawing 5 shows the concrete 
antecedent-basis data with which dispersion in a filter property is suppressed to 
drawing 8 and drawing 9 . Using the electrode pattern of the example of drawing 
5 , the magnitude of opening for combination control of an internal ground 
electrode keeps the design value of a filter shape constant as center frequency 
fO=1900[MHz] fractional-band-width RBW=0.947, and these are the results of 
measuring the center frequency and fractional band width when changing various 
numerical apertures, and show Maximum MAX, the minimum value MIN, and the 
average AV about 64 measurement sizes of each numerical aperture. 
[0020] If the data of drawing 8 and drawing 9 are seen and it will become small 
from it bordering on 30% of numerical apertures, the gap from center frequency 
and the design value of fractional band width and dispersion will become large 
rapidly. This is based on the internal cavity and crack by electrode exfoliation in 
each part as the area of an internal ground electrode becomes large. At 30% of 
numerical apertures, about 3.5%, the gap from the design value of fractional 
band width is about 13%, and the gap from the design value of the center 
frequency average serves as an excellent article practically satisfactory. At 40% 
of numerical apertures, the gap from the design value of the center frequency 
average is about 2%, and also when a high performance property is required, it 
can fully meet the demand. 

[0021] opening B-2 which drawing 7 is the example which transformed the 
pattern of drawing 6 a little, and faces the opening A2 for combination control in 



drawing 6 , and the side face on it -- one ~ it collects and considers as opening 
A3. Moreover, the part to which the opening C2 which faces a lower side face 
also laps with the resonance electrodes 21 and 41 in part is used as opening for 
combination control. Also according to this example, the same effectiveness as a 
previous example is acquired. 
[0022] 

[Effect of the Invention] By considering as the structure which prepared opening 
so that an internal ground electrode may not be derived on a side face in the 
dielectric filter which is constituted by carrying out the laminating of the 
resonance electrode of two or more layers on both sides of an internal ground 
electrode according to this invention, while it has been broad as stated above, 
and carrying out optimal setting out of the numerical aperture, exfoliation of an 
internal ground electrode can be controlled and dispersion in a filter shape can 
be reduced. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of the dielectric filter 



concerning one example of this invention. 

[Drawing 2] It is the appearance perspective view of the dielectric filter of this 
example. 

[Drawing 3] It is drawing showing the internal ground electrode pattern of the 
dielectric filter of this example. 

[Drawing 4] It is the equal circuit of the dielectric filter of this example. 
[Drawing 5] It is the decomposition perspective view of the dielectric filter 
concerning other examples of this invention. 

[Drawing 6] The internal ground electrode pattern of the dielectric filter of this 
example is shown. 

[Drawing 7] The internal ground electrode pattern of the example which 
transformed drawing 6 is shown. 

[Drawing 8] It is the measurement data in which the numerical aperture of an 
internal ground electrode and the relation of center frequency are shown. 
[Drawing 9] It is the measurement data in which the numerical aperture of an 
internal ground electrode and the relation of fractional band width are shown. 
[Description of Notations] 

1-6 [ - An internal ground electrode, 51 / - 7 An internal output electrode, 8 / - 
An external ground electrode, 9 / -- An external input electrode, 10 / -- An 
external output electrode, A1 , A2 / - Opening for combination control, B1-F1 B-2- 
E2 / - Opening. ] - A dielectric layer, 11 - 21 An internal input electrode, 41 -- A 
resonance electrode, 31 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 
reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 2] 




[Drawing 1] 




[Drawing 5] 



[Drawing 8] 
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[Drawing 9] 
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too 1 6] 1114(4, mmMMizx&mn^sui? 

<^WIlIj»T*S. l*lg|!T-X«®3 1 *^T«Ji§ 
^roc7)it®tt® 2 1 , 41(:J;1 **SIM^)L 
CM5fl0IS^6*SftjiS2 2 , 4 2^ffM$tlt^ 
S. ZOC0ftjgS2 2, A2m±, W&COk^Zft^T 
-XV&3 1 t?FM$^^$'JtifflfflPgPA 1 izX 

N, OUTO^iC3 1, C3 2l±fWn^AlH^ 
SSI 1 , 5 1 tmMM2 1,41 iOra^l^^iT" 

[0017] dcoHJtMtJ; S t , ^m«3 l *\ 4 

IJffitffiLT^tfcWt^PiiB 1 , CI, D 1 , El, 

f 1 *m.tthz ti/Zi -5t> flJS^i tfflH^SL^r 
^i5tU **ortaUT-^«fi631«gHP^30% 

[ 0 0 1 s ] 05(4, z\<mm>fflcommi l z&&mm 
$.7 a iv9 mmmmmxfo h.mit nm^-hm^z 
(40 1 k ^#^&#lti»«f< „ ^^Slfe 

MT14. ft«m«2 1,41 & Offitf^-yi: LT 

tio. z\tim~>xftw>T~xnm3 1. ^gPAK*€ 
in, 5ioA7-y^iui^T^i.*\ a* 

r-xm®3 1 1;(4, mm&2 1 , 4 m^vm^^ 
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mm-rm^mmmmn^A 2 comiz , 4 mmmz 

IUmmiPaB2, C2, D2, E2#»KW-6 
iXT US . ^i5T-X«ffi 3 1 tO^P^iiJifBIISS^ t 

m<7>%}%mt>tL&. msnmimizx*). ?ovm 

£Xfffl9iZ5j<t. ZtiMi. S5«iI»liA7- 

y^fflur. y 4 )V9^m^m\\m^mmkf 0= 

1 9 0 0 [MHz] , Jt^HRBW=0. 947hL 

x . n&T-*%m>m^mmmiU0>K%z\$.-%. 
mmmmm&Ltz^xh 0 , ^mnmm-yr^ 

me 4 itOl^T , fttfl M A X h g/hffiM I N a i tx 
[0 0 2 0] 08&j;V'09OT-^£jt,&^ PHP* 

3 0 % lx ttix >b % < t , ^m&mio 

&s lizitixm-evmmmz x & ^mmm^mtnz 
tnxfo mam 3 0 %xn , *'MSBHHpp%ti 

ot£ttffi^m'Mi^3. 5%, Jt#«60KIHa&» 
tcOXKiW 1 3 *) , Hffl±|8J|B$:< JUte * 
§ 0 fflP*4 0%T1i, *'DJS«¥^ffitf)iftfHt!&>& 

[0 0 2 1 ] 07 (4, a6«A7-yJfT^t^ 
MAT* 0 , 06 HtJttSSS^SflffllffllSBPaiA 2 ^co 
±<0fflJffitffi-f SHJPiSB 2 t fcftT, HBP 

spa 3 1 Ltzi><?)X"foz><, t tzTMnmrnizm-tz ma 
mc 2 i> , -i54±s^s2 1,41 t;fi£§§pw^ 



[0022] 

^ti&mmw.? dv9\,z&ux. ft®T-xnm. ti 
iiiHtwmt^uj: 0 izmnmzmntznmt 

[0M«fS4i&iM] 

[01] ;OffiHJ^-Hifi^Jt^S^«fls7 4 /I^O 
#f»£tfl0T£>£ o 

[02] mmmvwmy 4 iv^mmmmxh 

[03] Mfifijtopm#;7 * jv^mmr-xmM 
^9-y^-tmxhh. 

[04] Mtfijtopmftx a )v?mmmr?b 

h. 

[05 ] z\0mmmnmm\,zmwm7 4 w 
[06] nmm<nwtm.y 4)V9<wmr-xw& 

[07 ] 06 fc^LfcggffifflcoftaiT-xiWS;^ 

[08] ^gpr-x^^fflp^fc^DJU^^M^ 
^^fw^f-fxhh, 

[09] rtiS7-Xltffi^|SBP*fcJtff«1i«0RIffi* 

i-b-mmwm, h-«ams, 21, 41- 
4±®€s. 3 i--«r-xm«. 5i---^m^m 
7, 8-*?mr-xVM. 10 
■■■^'ffiij'Egft. ai, A2-fes®mmmn®, hi 

-Fl, B2~E2-gBPSP. 



[02] 



[03] 



[04] 
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[08] [09] 




MS7-^«*nnB*a«[»] rt*7-stiS9ni«w^[%] 



(wwm m m& (72) wm m 

hdwm mm 



